The CDF and D0 data of nearly 475 pb ÿ1 in the dilepton channel is used to probe a recent class of models, Stueckelberg extensions of the standard model (StSM), which predict a Z 0 boson whose mass is of topological origin with a very narrow decay width. A Drell-Yan analysis for dilepton production via this Z 0 shows that the current data put constraints on the parameter space of the StSM. With a total integrated luminosity of 8 fb ÿ1 , the very narrow Z 0 can be discovered up to a mass of about 600 GeV. The StSM Z 0 will be very distinct since it can occur in the region where a Randall-Sundrum graviton is excluded.
Introduction.-In this Letter we investigate the implications of the cumulative CDF [1] and D0 [2] data in the dilepton channel to probe the very narrow Z 0 boson that arises in the U1 X Stueckelberg extension of the standard model (StSM) [3] . Thus string models involving dimensional reduction and intersecting D branes [4] allow for the possibility of an Abelian gauge boson gaining mass without the benefit of a Higgs phenomenon via the Stueckelberg mechanism where the mass parameter is topological in nature [5] . Indeed the Stueckelberg couplings have played an important role in the D brane model building [6] . The topological mass scale can be obtained from dimensional reduction and is typically the size of the compactification scale [4] . However, it could also be taken as an independent parameter [7] . The model of Ref. [3] involves a nontrivial mixing of the Stueckelberg and the standard model (SM) sectors via an additional term L St in the low energy effective Lagrangian so that
where C is the gauge field for U1 X and J X gives coupling to the hidden sector (HS) but has no coupling to the visible sector (VS), B is the gauge field associated with U1 Y , is the axion, and M 1 and M 2 are mass parameters that appear in the Stueckelberg extension. After electroweak symmetry breaking with a single Higgs doublet, the gauge group SU2 L U1 Y U1 X breaks down to U1 em , and the neutral sector is modified due to mixing with the Stueckelberg sector. The mass 2 matrix in the neutral sector is a 3 3 matrix and in the basis (C , B , A 3 ) is given by 
One then finds t M 2 =M 1 , t g Y c =g 2 , and
, where s sin, c cos, t tan, etc. Equation (2) contains one massless state, i.e., the photon, and two massive states, i.e., the Z and Z 0 . The photon field here is a linear combination of C , B , A 3 which distinguishes it from other class of extensions [see, e.g., [8] [9] [10] ], and in addition the model contains a very narrow Z 0 resonance. The effects of the Stueckelberg extension are contained in the parameters M 2 =M 1 and M 1 . In the limit ! 0 the Stueckelberg sector decouples from the standard model.
Electroweak constraints.-To determine the allowed corridors in and M 1 , we follow a similar approach as in the analysis of Refs. [11, 12] used in constraining the size of extra dimensions. We begin by recalling that in the on-shell scheme the W boson mass including loop corrections is given by [13] 
where the Fermi constant G F and the fine structure constant (at Q 2 0) are known to a high degree of accuracy. The quantity r is the radiative correction and is determined so that r 0:0363 0:0019 [14] , where the uncertainty comes from error in the top mass and from the error in M 2 Z . Now since in the on-shell scheme
Z one may use Eq. (4) and the current experimental value of M W 80:425 0:034 [14] to make a prediction of M Z . Such a prediction within SM is in excellent agreement with the current experimental value of M Z 91:1876 0:0021. Thus the above analysis requires that the effects of the Stueckelberg extension on the Z mass must be such that they lie in the error corridor of the SM prediction. We now calculate the error M Z in the SM prediction of M Z in order to limit . From Eq. (4) we find
From Eq. (2) the Stueckelberg correction to the Z mass in
Equating this shift to the result of Eq. (5) one finds an upper bound on
Next we obtain in an independent way the constraint on by using a fit to a standard set of electroweak parameters.
We follow closely the analysis of the LEP Working Group [14] [see also Refs. [15, 16] ], except that we will use the vector (v f ) and axial vector (a f ) couplings for the fermions in the StSM. Here, we exhibit as an example, the Z couplings of the charged leptons in the StSM
where L;R are as defined in Ref. [3] , and where ' and ' (in general complex valued quantities) contain radiative corrections from propagator self-energies and flavor specific vertex corrections and are as defined in Refs. [14, 17] . The SM limit corresponds to ! 0, and L;R ! 1.
Using the above modifications we have carried out a fit in the electroweak sector. Results of the analysis are given in Table I for M 1 250 GeV and in the range (0.035-0.057) where the upper limit corresponds to Eq. (6) and the lower limit yields jPullj < 1. To indicate the quality of the fits we compute sents degrees of freedom). We note that 0:035 gives the same excellent fit to the data as 0 [SM [14] 
and where g Y is related to g g 2L g 2R and g 0 by 1=g 2 Y 1=g 2 1=g 02 . The above relations limit to the standard LR relation as M 2 =M 1 ! 0. Quite remarkably, the Z 0 couplings of StLR are very close to the Z 0 couplings of StSM and thus we will focus the analysis on StSM and the results for the StLR will be very similar.
Drell-Yan analysis of Stueckelberg Z 0 .-Next we discuss the production of the narrow Z 0 by the Drell-Yan process at the Tevatron. For the hadronic process A B ! V X, and the partonic subprocess! V ! l l ÿ , the dilepton production differential cross section to leading order (Born) is given by
P fABq qg x; y f q;A xf q;B y f q;A xf q;B y:
Here f q;A and f q;A are parton distribution functions (PDFs).
is given in [3] .
d p p dM 2 may be calculated via a perturbative expansion in the strong coupling, s , which is conventionally absorbed into the Drell-Yan K factor as discussed in detail in Refs. [8, 9, 15, 20] .
In Fig. 1 [2] combined data in the dilepton channel.
Remarkably one finds that the Stueckelberg Z 0 for the case 0:06 is eliminated up to about 375 GeV with the current data (at 95% C.L.). This lower limit decreases as decreases but the current data still constrain the model up to 0:035. This result is in contrast to the LR, E 6 , and to the little Higgs models [22] where the Z 0 boson has already been eliminated up to 610-815 GeV with the CDF [1] and D0 [2] data. In Fig. 2 we give the analysis of the discovery limit for the Stueckelberg Z 0 with an integrated luminosity of 8 fb ÿ1 . Here we have extrapolated the experimental sensitivity curves for the ÿ and for the more sensitive e e ÿ channel downwards by a factor of 1= N p where N is the ratio of the expected integrated luminosity to the current integrated luminosity. The analysis shows that a Stueckelberg Z 0 can be discovered up to a mass of about 600 GeVand if no effect is seen one can put a lower limit on the Z 0 mass at about 600 GeV. In Fig. 3 we give the exclusion plots in the ÿ M Z 0 plane using the current data and also using the total integrated luminosity of 8 fb ÿ1 expected at the Tevatron. An analysis including hidden sector with ÿ HS ÿ VS is also exhibited. The exclusion plots show that even the hidden sector is beginning to be constrained and these constraints will become even more severe with future data. 
FIG. 2 (color online)
. Z 0 signal in StSM with 8 fb ÿ1 of data using an extrapolation of the sensitivity of the D0 [2] detector for the ÿ and e e ÿ modes. The data will put a lower limit of about 600 (300) GeV on M Z 0 mass for 0:060:02. Also plotted for comparison is Br G ! l l ÿ for the RS case. 
